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Component  Name:  Pressure  Switch  j 

Contract  Nunberj  AF04(647)-150  i 

Period  Covered*  1  Febhuart  -  2y  February  1960  ! 


Technical  Discussion  -  Medium  Pressure  Switch 

The  medium  pressure  switch  cual i r i c a t i on  tests  were  completed 
DURING  THIS  PEPORTINC  PERIOD,  AND  ALL  UNIT^  SUCCESSPULLY  PASSED 
THESE  VERY  STRINGENT  SERIES  OP  TESTS,  Thl  f^EDlUM  PRESSURE 
SWITCHES  HAVE,  AS  A  RESULT  OP  THE  0 U A L  I  P  I  C A T  I  0 N  TESTS,  SUCCESS¬ 
PULLY  MET  ALL  OP  THE  REQUIREMENTS  LISTED  IN  THE  DETAIL  3PECIPI- 
CATION,  R&D  1*18-19,  AND  HAVE  SUCCESSPULLY  PASSED  THE  OUALIPI- 
CATION  TEST  8 PE C I P  I  C A T I  0 N  REQUIREMENTS  OP  RiD  159-16. 

There  were  two  ouestious  which  arose,  however.  Both  questions 
PERTAINED  TO  THE  1000  PS  I  45v^  DEADBAND  PRESSURE  SWITCH,  SERIAL 

Number  46.  Because  op  the  press  op  time,  the  temperature 

COMPENSATION  ON  THIS  PRESSURE  SWITCH'COULO  NOT  BC  SET  TO  WITHIN 
THE  tolerance  LIMITS  OEPINEO  IN  THE  SPE C I P I C A T I  0 N ,  AND  THE  UNIT 
WAS  SENT  THROUGH  THE  0 U AL I P I C A T I  0 N  TESTS  ALTHOUGH  IT  EXHIBITED 

an  out-op-tolerance  condition.  Also  occurring  on  this  pressure 

SWITCH  WAS  A  PIRST  A  C  T  U  A  T  I  0  N  "s  T  I  C  K  I  NC  "  WHICH  OCCURS  APTER  EACH 
MAJOR  change  in  TEMPERATURE,  THIS  STICKING  OCCURS  TO  A  MINOR 
DECREE  ON  ALL  TEMPERATURE  COMPENSATED  PRESSURE  SWITCHES,  AND 
BECAUSe  OP  THE  SEVERE  COMPENSATION  REQUIRED  POR  THIS  PARTICULAR 
SETTING,  IS  AGGRAVATED  ON  THIS  UNIT,  FREBANK  COMPAhY  BELIEVES 
THAT  THESE  TvO  ITEMS  ARE  MINOR  AND  CAN  BE  READILY  SOLVED  IN  A 
PRODUCTION  OCLIVCHY  SITUATION  ALTHOUGH  THE  COMBINATION  OP 
CIRCUMSTANCES  WHICH  OCCURRED  0  U  R  I  N  C  T  HE  U  AL  I  F  I  C  A  T  I  0  N  PRESSURE 
SWITCH  ASSEMBLY  COMBINED  TO  PRESENT  AN  APPARENT  PROBLCN. 

The  PINAL  REPORT  IS  NOW  BEING  COMPLETED,  AND,  WITH  THE  RECEIPT 
OP  THE  TEST  DATA  FROM  THE  QUALIFICATION  TESTING,  SHOULD  BE 
READY  POR  PUBLICATION  DURING  THE  NEXT  REPORTING  PERIOD, 

The  SPECIFICATIONS  AND  DRAWINGS  POR  THE  MEDIUM  PRESSURE  SWITCH 
WERE  REVISED  AND  BROUGHT  UP-TO-DATE  IN  ORDER  TO  REFLECT  THE 
LATEST  PERFORMANCE  CHARACTERISTICS  OP  THE  PINAL  CONFIGURATIONS. 

In  answer  to  a  request  prom  the  project  monitors,  stainless 
steel  components  were  made  for  the  MEDIUM  PRESSURE  SWITCH  IN 
oroer  to  provide  corpatibility  with  exotic  propellants  which 

THIS  unit  ray  be  REQUIRED  TO  SENSE.  TlJ^I^^OGE  OP 
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MANUFACTURE  OF  BCRYi.LIUM  COPPER  DIAPHRAGMS  AtLOWEO  THE  EASY  ' 

manufacture  of  equivalent  diaphragms  OF  17-7  PH  STAINLESS 
STEEL.  The  use  of  this  corrosion  resistant  diaphragm  and  a 

CORROSION  RESISTA-.'T  STEEL  PORT  MAKES  THE  DIAPHRAGM  SUITABLE  j 

FOR  OPERATION  WITH  RED  FUMING  NITRIC  ACID,  NITROGEN  TETROXIOC 
and  OTHER  CORROSIVE  PROPELLANT'',  WITH  NO  CHANGE  IN  THE 
performance  of  the  unit  other  than  a  SLIGHT  INCREASE  IN 
COMPONENT  WEIGHT. 


Ki LEPOS rs  —  Medium  Pressure  Switch 

The  termination  of  qualification  tegtinc  on  the  medium 

PRESSURE  SWITCH  LEAVES  ONLY  THE  PRESENTATION  OF  THE  FINAL  I 

REPORT,  THE  DELIVERY  OF  THE  AlR  FORCE  , UNITS  AND  THE  SPECIFICATIONS' 
AND  DRAWINGS  TO  DC  ACCOMPLISHED  AS  REQUIREMENTS  FROM  THE 

Statement  of  .'ork  from  this  contract.  It  is  anticipated 
THAT  THESE  WILL  BE  ACCOMPLISHED  DURING  THE  NEXT  REPORTING 
PERIOD. 


Technical  Discussion  —  Lon  Pressure  Switch 

The  demonstration  tests  on  the  low  pressure  switch  occurred 
DURING  'HIS  reporting  PERIOD.  ThC  ASSEMBLY  OF  THE  DEMONSTRATION 
TEST  UNITS  WAS  OSl.AYCO  3ECAUSE  OF  SEVERAL  ;'PO'’LLMS  WM'SH  AROSE. 

The  first  problem  concerned  the  *»lating  of  the  magnesium 

ACTUATION  SHAFTS.  Tm|S  PROBLEM  HAD  APPARENTLY  BEEN  SOLVED 
PRIOR  TO  THE  PRE  OE  MONSTRAT  I  ON  TEC'S  BUT  DURING  THE  ASSEMBLY 
OF  THE  DEMONSTRATION  UNITS,  THE  NICKEL  PLATING  BLISTERED 
UNDER  APPLICATION  OF  SOLDERING  HEAT  TO  THE  MACNESMiM  SHAFTS. 

The  magnesium  shafts  were  replaced,  and  the  more  closely 
controlled  plating  process  allowed  the  soldering  without  THC 
undesirable  blistering  which  has  previously  occurred. 

The  beryllium  coppfr  diaphragms  made  for  the  low  pressure 
SWITCH  had  CXhIDITEO  SOHC  scaling  during  the  annealing  REQUIRED 
FOR  FORMATION.  PREVIOUS  ATTEMPTS  AT  REMOVING  THIS  SCALING 
BY  ETCHING,  VAPOR  HONING,  ETC..  HAD  BEEN  UNSUCCESSFUL.  A 

Tumbling  process  to  remove  heat  treat  scale  was  ocvclopco. 

This  process  contained  no  acids  and  allowed  the  complete 
Cleaning  of  the  diaphragms  without  deformation  or  oclctcrious 
effects  to  the  diaphragm  configuration.  The  plating  process 

OCVCLOPCO  FOR  THC  LOW  PRESSURE  SWITCH  DIAPHRACMS  IS  AS  FOLLOWSI 
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(1)  ACIO  CLEANINC - "^0%  NITAIC  ACIO  SOLUTION,  (2)  FlASH 

NICKEL  PLATING,  (3)  .00006  INCH  COPPER  PLAT  I  NS,  (4)  .00006 
INCH  SILVER  plating,  (3)  .00006  INCH  COLO  r>^ATING. 


The  other  corponcnt  which  caused  assembly  delays  was  the 

BELLEVILLE  SPRING  WASHERS.  T HE  EXACT  CONP I  CURA T I  ON  REQUIRED 
OP  THE  SPRING  MEMBERS  HAS  RESULTEO  IN  HIGH  SCRAP  RATIOS, 

AND  EXPERIENCE  HAS  SHOWN  THAT  ONLY  THE  BELLEVILLE  SPRINGS 
WHICH  CORRESPONO  EXACTLY  TO  THE  DETAIL  PRINTS  WERE  SATISFACTORY. 


The  units  entered  the  demonstration  TEST  PHASE  OP  THE  PROGRAM 
early  in  this  reporting  PERiOO,  and  with  minor  EXCEiTIONS 
WERE  SUCCESSFULLY  CORPcETEO.  ThE  ECV  PROBLEMS  THAT  OCCURRED 
ARC  OESCRISeO  BELOWl 


Proof  Prcssurei  During  proof  pressure,  two  units  experienced 
internal  and  external  leakage.  These  units  were  later  found 

TO  BE  INCORRECTLY  SOLDERED  AS  THE  DIAPHRAGMS  HAD  NOT  BEEN 
SUFFICIENTLY  TINNED.  ThIS  PROBLEM  WAS  SOLVED  BY  AN  INCREASE 
IN  THE  TORQUE  U8E0  TO  CLAMP  THE  DIAPHRAGM  BETWEEN  T  rlC  OOOY  AND 
INLET  PORT  AND  BY  A  CAREFUL  TINNING  OF  THE  DIAPHRAGM  PERIPHERY. 

Terperaturc  Corpc nsat I  on:  A  temperature  compensation  obtained 
WITH  the  demonstration  units  was  MARGINAL  IN  THAT  THE  PRESSURE 
SWITCH  IS  SENSITIVE  TO  THE  TEMPERATURE  GRADIENT  THAT  OCCURS 
WITH  THE  PRESSURIZATION  OF  THE  INLET  PORT  WITH  LIQUID  OXYGEN 
AT  -300®F  WHILE  THE  PRESSURE  SWITCH  BODY  IS  EXPOSED  TO  AN 
AMBIENT  TEMPERATURE  OF  70®F  (rOON  AMBIENT  TEMPERATURE)  OR  200°F . 
The  BELLEVILLE  SPRINGS  USED  FOR  THE  DEMONSTRATION  PRESSURE 
SWITCHES  WERE  NARCIRAL  IN  THICKNESS,  H/T  RATIO  AND  HEAT  TREAT, 
ANO,  AS  A  RESULT,  COULO  NOT  BE  TEMPERATURE  COMPENSATED  EXACTLY 
AS  It  THEORETICALLY  POSSIBLE.  ThE  BElLEYILlC  SPRINGS  OROERCO 
FOR  THE  QUALIFICATION  ANO  AlR  FORCE  DELIVERY  LOW  PRESSURE 
SWITCHES  HILL  BE  MADE  TO  THE  EXACT  REQUIREMENTS  OF  THE 
ORAwINC . 

Icing  Tests:  There  were  no  proslins  found  in  the  icing  series 

OF  TESTS. 

Humidity:  ivlo  problems  occurred. 

Dielectric:  No  problems. 

Acceleration:  a  decrease  in  increasing  pressure  setting  was 

NOTED  OUNINO  ACCELERATION  TESTS.  ThESE  CHANGES  IN  SETTING 
WERE  8EV0N0  THOSE  ALLOWED  8V  TNE  8PE C I P I C A T I  ON }  HOWEVER,  THE 


INSTRUMENTATION  ON  THE  ACCELERATION  TEST  EIXTURE  IS  SUSPECT, 

AND  IT  IS  RELIEVEO  THAT  THE  GASIFICATION  NHICH  OCCURQEO, 

ESPECIALLY  IN  TH“  LOW  PRESSURE  RANGE,  WAS  So.'^l^iENT  TO  DISRUPT 
THE  PRESSURE  MONITORING. 

VIORATIONJ  IiWirCH  CHATTER  WAS  FOUND  IN  THE  i.OW  DEADBAND  PRESSURE 
SWITCHES  AT  ?5G  '  S  .  THIS  CHATTER  IS  A  T  T  R  I  B  U  T  A  BI.  E  TO  THREE 
POSSnji.E  REASONS!  (1)  ThE  SWITCH  ELEMENT  WAS  OVERHEATED  DURING 

THE  SO..CCRINa  ASSEMBLY  OF  THE  PRESSURE  SWITCH - A  PROBLEM 

WHICH  PLAGUED  THE  MEDIUM  PRESSURE  SWITCH  PROGRAM.  (?)  THC 
PRESSUn I  EAT  I  ON  HOSE  ATTACHED  TO  THE  PRESSURE  SWITCH  UNDER  TEST 
WAS  INCREASING  THE  G  FORCES  SENSED  BY  THE  UNIT.  (?)  ThE  SWITCH 
iLfcMENT>  USED  VERE  UNSATISFACTORY  AND  HAD  "  0£  A  0  B  RE  A  K  i  '  . 

The  CHATTER  WHICH  OCCUHREO  WAS  IN  THE  RANGE  OF  1300  T3  2000  CYCLES 
PER  SECOND  AND  OCCURRED  WHILE  THE  PRESSURE  SWITCHES  WERE 
PRCSSIfllEfO  TO  90^  OF  actuation  PRESSURE.  ThIS  VIBRATION 
SENSITIVITY  IS  UNDER  INTENSIVE  INVESTIGATION. 

Altitude:  There  was  a  setting  shift  with  altitude  for  all 

PRESSURE  SWITCHES  —  THE  SHIFT  BEING  A  NAXIHUM  OF  THIS  j 

setting  SHIFT  previously  MENTIONED  IS  CAUSED  BY  THE  EFFECTIVE  | 

AREA  CHANCE  OF  THE  AMBIENT  PRESSURE  SENSING  OlAPHlAiM.  ThE 
REVISED  PRESSURE  SWITCH  TOLERANCES  WluL  ALLOW  THIS  SHIFT  | 

TO  OCCUR.  t 

t 

Endurance  T';st:  Two  units  failed  endurance.  The  100  PSI, 

45^  DEADBAND  PRESSURE  SWITCH,  SERIAL  NUMBER  2,  FAILED  AT 
1000  cycles  BECAUSE  OF  EXCESSIVE  LEAKAGE  I  ARSED  THE  DIAPHRAGM. 

The  100  ^Sl,  5*^  oeaorand  unit  failed  when  the  switch  element 

HORNALLY  OPEN  CIRCUIT  REMAINED  IN  THE  NORMALLY  CLOSED 
POSITION.  This  failure  is  being  investigated. 

The  rchainihg  pressure  switches  conpleted  20,000  cycles  of 

OPCRAT  I  ON. 

Linits  of  Operation;  Under  li.hits  of  operation,  the  low 
pressure  switch  was  vibration  tested  to  a  maximum  or  45G's. 

The  unit.  Serial  Number  6,  was  tested  at  increasinc  vibration 
acceleration  levtls  to  40G's  with  no  switch  chatter  being 
evident.  This  testing,  however,  showed  that  the  actuation 
pressurc  decrca::es  with  increasing  G  level,  and  at  40G’s, 

THE  ACTUATION  FRCSSURE  DECREASES  BY  16^.  AT  AN  ACCELERATION 
level  of  45G'S,  THC  UNIT  EXHIBITED  SWITCH  CHATTER  DEFINING 
THC  NAXIMUH  VISRATIOM  ACCELERATION  RESISTANCE  OF  THC  HIGH 

deadband,  lowest  pressure  switch. 


TMC  lURtT  mtlSURE  cr  THE  LtMIlS  Of  OPERATION  PRESSURE  SWITCH 
TCSTtO  WAS  LESS  THAN  THAT  RCaUIRCO  BY  THE  SPECIFICATION.  ThE 
OIAPHNACN  pulled  LOOSE  AT  A  PRESSURE  CF  760  PO I .  ThC  CURST 
PRESSURE  RCCUIRCNCNT8  ARE  1000  PS  I  MIMKUH.  SuSSEOUEnT 
tNVCSTICATION  SHOWtO  THAT  ALL  OF  THE  OE HO NS T H A T I  0 N  UNITS  WERE 
NOT  SUITABLY  TORQUEO  80  THAT  THE  INLET  PORT  WAS  NCT  CLAMPING 
THE  OIAPHRACN  TO  THE  CODY.  TtllS  REASON  ALSO  ALLOWED  THE 
LEAKAGE  WHICH  OCCURRED  UNDER  PROOP  PRESSURE. 

Endurance  Testing  on  Serial  Nunder  2  showed  that  the  linits 
or  OPERATION  ON  THIS  UNIT  WERE  21*700  CYCLES  A  MARGIN  OF 
ONLY  1700  CYCLES  OVER  THE  REOUIRED  ENDURANCE  LIFE.  FAILURE 
WAS  CHARACTERIZED  BY  LEAKAGE  AROUND  THE  DIAPHRAGM,  AND  THIS, 
AGAIN,  IS  ATIPIBUTABLE  TO  AN  INSUPPICIENT  TIGHTENING  OP  THE 
INLET  PORT  or  T  HE  PRESSURE  SWITCH  80CY.  T HE  ELECTRICAL 
SWITCH  ELCRENT  ALSO  EXHIBITEO  AN  OPEN  CIRCUIT,  PROBABLY  DUE 
TO  LEAKAGE  PASSED  THE  0 1 APHRAGN  INTO  THE  HECNANISH  HOUSING. 

The  tenperaturc  I imi ts  or  Serial  Number  3  sechco  aatiafactory 
IN  THAT  the  pressure  SWITCH  WAS  OPCRATEU  At  -f.^CO^F  WITH  NO 
DELETERIOUS  EPfECTS.  THIS  SEERS  TO  BE  THE  TCHPERATUHC  LIMIT 
BECAUSE  or  THE  PLASTIC  SWITCH  CLEMENT  CASE  UiED  FOR  THIS 
PRESSURE  SWITCH. 

LiPITS  OP  OPERATION  ACCELERATION  TESTS  SHOW  THAT  THIS  UNIT 
IS  EXTREMELY  RESISTANT  TO  LINEAR  ACCELERATION.  THE  UNIT  WAS 
TESTED  TO  AN  A  C  CC  L  C  R  A  T  I  0  f)  LEVEL  CF  COG'S  WITHOUT  DELETERIOUS 

crrccTS.  There  was,  however,  a  slight  reduction  in  actuation 

PRESSURE  WHICH  OCCURRED.  1^18  REOUCTICN  VA5  NCT  CCNCICCRCO 

SERI 0U8« 


Mileposts  ~~  Low  Pressure  Switch 

The  assembly  ano  oual t r i c at i on  testing  or  the  low  pressure 
switch  cannot  be  ACCONPLISHEO  within  the  present  SCHEDULES. 
Frcbank  Company  has  rcoucstco  that  an  extension  or  tine  and 

ADDITIONAL  .rtfNOS  BE  GRANTED  TO  ALLOW  THC  COMPLETION  OF  THIS 

program.  It  IS  anticipated  that  this  program  can  be  conplctco 
WITHIN  AN  additional  EIGHT  WCCKB. 
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